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Description 

The present Invention relates to a positive electrode including a positive electrode active material of high energy 
density favorably used for a lithium secondary battery, and also to a lithium secondary battery with such a positive 
5 electrode, which has high energy density leading to high discharge capacity, high electromotive force, and high dis- 
charge voltage, and excellent cycle properties. 

BACKGROUND OF THE INVENTION 

10 Properties generally required of a secondary battery include (1) high energy density (2) high power density, (3) 

low self-discharge rate, (4) reasonable cost, (5) high energy efficiency, and (6) long cycle life (a number of charge and 
discharge repetition). 

Various materials for positive and negative electrodes have been studied and examined tor the development of 
an improved secondary battery with such properties. A lithium secondary battery is known as a high energy density 
IS battery having various advantages such as wide applicable temperature range, stable discharge voltage, and very low 
self-discharge rate. LiCo02 having high electromotive force has been proposed as a positive electrode active material 
for such a high energy density battery (see K. Mizushima et al., MAT. Res. Bull.. 15, 783 (1980)). Also, part of the Co 
in LiCoOg was substituted by a transition metal, for example. Ni forf urther improvement [see T Ohzuku et al. Chemistry 
Express, 5. 733 (1990)]. 

20 When LiCo02 oxide Is used as a positive electrode active material, a lithium secondary battery including the same 
has a small discharge capacity and poor cycle properties, thus resulting in prominent capacity degradation. On the 
other hand, when another oxide with part of Co in LiCo02 substituted by a transition metal is used as a positive electrode 
active material, a lithium secondary battery including same has larger discharge capacity but is lower in discharge 
voltage than that with LiCoOg. The lower discharge voltage is disadvantageous in obtaining a high energy density 

25 battery. 

From the foregoing, it is apparent that a lithium secondary battery including either a LiCoOa oxide or an oxide with 
part of Co in LiCo02 substituted by a transition metal as a positive electrode active material still has low energy density 
and poor cycle properties and does not fulfill the requirements in the market. 

Another oxide having multi-layer structure and represented by the formula ^By0p^O2 wherein A is at least one 

30 alkali metal, B is a transition metal, C is at least one of Al, In, and Sn; D is at least one of (a) an alkali metal other than 
A, (b) a transition metal other than B. (c) a lla group element, and (d) a lllb. 1 Vb, Vb. or VIb group element of the second 
through sixth periodic number other than Al. In, Sn, C. N. and 0; and x. y z, and w are respectively 0.05^x^1.10, 
0.85%^ 1.00, 0.001^2^0.10, and 0.001 ^w^O. 10, has been also proposed as a positive electrode active material 
which contributes to better cycle properties (Japanese Patent Unexamined Publication No. 63-121258). 

55 The above oxide to be used as a positive electrode active material essentially includes at least one of Al, In, and 
Sn as the C component, thus improving the cycle properties of the lithium secondary battery. This improved lithium 
secondary battery, however, does not have sufficient energy density to meet the requirements in the market. 

SUMMARY OF THE INVENTION 

40 

One object of the invention is to provide an improved lithium secondary battery comprising a positive electrode 
active material of high energy density, which can solve the above-mentioned problems. 

Another object of the invention is to provide a lithium secondary battery comprising a positive electrode active 
material of high energy density, which has high energy density leading to high discharge capacity, high electromotive 
45 force, and high discharge voltage, and excellent cycle properties. 

A lithium negative electrode has lowest potential, small atomic weight, and high capacity It is thus important for a 
lithium secondary battery with high energy density to make a positive electrode have high potential and high capacity 
Since the capacity of a positive electrode of a lithium battery is naturally determined by the formula weight of a compound 
reactive with 1 molar lithium, it is important to make the positive electrode have high potential. The potential of an 
so electrode is theoretically determined by free energy, and the energy difference between a negative electrode and a 
positive electrode represents the electromotive force of a battery. 

Thermodynamic data in a simpler system like lithium or zinc has been obtained, whereas sufficient thermodynamic 
data on oxides or chalcogenides to be used as a positive electrode of lithium secondary battery has not been collected. 

When searching a high potential positive electrode, the inventors studied the relationship between cationic radius 
ss and potential in oxides to be used as a positive electrode active material of lithium secondary battery, and found a 
tendency of higher potential with smaller cationic radius. In particular, the inventors have found that, of the materials 
having smaller bnic radius, phosphorus has properties essentially suitable for a positive electrode active material, and 
that a phosphorous-containing positive electrode active material gives lithium secondary battery high potential and 
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high energy density. 

The present Invention is based on the above findings, and the lithium secondary battery of the invention comprises 
a positive electrode, a negative electrode, and an electrolyte, wherein the positive electrode is composed of a positive 
electrode active material which comprises at least one compound selected from the group consisting of lithium phos- 
5 phate, lithium-cobalt phosphate, cobalt oxide, and lithium-cobalt oxide so as to contain cobalt at a concentration of 
more than 0.1 mote with respect to 1 mole of lithium, and phosphorus at a concentration of more than 0.2 mole with 
respect to 1 mole of lithium. Preferably, the positive electrode active material includes a mixture of the above four 
compounds, that is, lithium phosphate, lithium-cobalt phosphate, cobalt oxide, and lithium-cobalt oxide so as to contain 
phosphorus at a concentration of 0.25 through 1 .8 moles and cobalt at a concentration of 0.2 through 1 .75 moles both 
10 with respect to 1 molar lithium. 

The positive electrode active material in the context of the invention is preferably amorphous, and has an average 
particle size of 0.01 through 20 fim and a BET specific surface area of 1 through 1,000 m2/g. 

The positive electrode further comprises a binder and an electrical conducting agent having particle sizes of 0.02 
through 20 times that of the positive electrode active material. The preferable porosity of the positive electrode is 25 
IS through 60%. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a schematic view showing a lithium secondary battery of one embodiment of the invention; 
20 Figs. 2A and 2B schematically illustrate structure of typical fulierenes; 

Fig. 3 is a graph showing discharge properties of a lithium secondary battery according to one embodiment of the 
invention; 

Fig. 4 is a graph showing cycle properties of a lithium secondary battery according to one embodiment of the 

invention; 

25 Fig. 5 is a graph showing the relationship between the porosity of the positive electrode and discharge capacity 

in one embodiment of the invention; and 

Fig. 6 is a graph showing discharge properties of lithium secondary batteries according to other embodiments of 
the invention. 



30 DETAILED DESCRIPTION OF THE INVENTION 



The present invention provides a positive electrode active material to be used for a lithium secondary battery, 
which comprises at least one compound selected from the group consisting of lithium phosphate, lithium-cobalt phos- 
phate, cobalt oxide, and lithium-cobalt oxide so as to contain cobalt at a concentration of more than 0.1 mole, and 
55 phosphorus at a concentration of more than 0.2 mole both with respect to 1 mole of lithium. 

The positive electrode active material can be suitably prepared by mixing single bodies of lithium (Li), cobalt (Co), 
and phosphorus (P) or their oxides, hydroxides, salts such as carbonates, nitrates, and organic acid salts, or their 
organic compounds at a predetermined molar or atomic ratio, and treating the mixture by a known method for producing 
ceramics, such as solid phase sintering, standard sintering, sol-gel processing, CVD (chemical vapor deposition), PVD 
40 (physical vapor deposition), thermal spraying or pyrolysis. 

The positive electrode active material is. for example, manufactured by weighing predetemnined amounts of LigCOs 
(lithium carbonate), 2C0CO3 - 3Co(OH)2 (basic cobalt carbonate), and H3PO4 (85% phosphoric acid aqueous solution), 
sufficiently mixing them in a crucible, and heating the mixture at a temperature of 600 through 1 ,200'*C for 3-24 hours. 
The heated product may be pulverized into particles having desirable sizes as necessary. 
45 The structure of the above product may be confirmed by X-ray diffraction analysis, electron-rays diffraction analysis, 

or electron microscope analysis. 

Specifically, an X-ray powder diffraction analysis of the product obtained as above can identify that the product is 
a mixture containing lithium phosphate, lithium-cobalt phosphate, cobalt oxide, and lithium-cobalt oxide. 

Using each component of the mixture as a positive electrode active material, a lithium battery in a coin form as 
50 shown in Fig. 1 was fabricated, charged with 0.5 mA constant current for 6 hours, and then 1 hour later, open circuit 
voltage (OCV) was determined, the results of which are shown in Table 1 . 



Table 1 



Component 


OCV (V) 


Component 


OCV (V) 


Li phosphate 


4.2 


Li • Co oxide 


3.9 


Li • Co phosphate 


4.8 


Co oxide 


4.1 
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As shown in Table 1, llthlum-cobalt phosphate in particular showed high open circuit voltage. 

The lithium phosphate includes, for example, salts of lithium and metaphosphoric acid, pyrophosphoric acid, or- 
thophosphoric acid, triphosphoric acid, or tetraphosphoric acid, with preference given to lithium orthophosphate. 

The lithium-cobalt phosphate includes, for example, Li2CoP05, LiCoP04, LiCoQ^gPo.iOa' ^^^%.s^o.s^2* with 
5 preference given to LIC0PO4. 

The cobalt oxide is exemplified by CoO, C02O3, C0O2, or C03O4, with preference given to CO3O4. 

Examples of the lithium-cobalt oxide include LiCo02, Li6Co04. Lio.yaCoOa. and Lio.eaCoOa, with preference given 
to LiCo02. 

The positive electrode active material to be used for the lithium secondary battery of the present invention has a 

10 molar ratio of cobalt:phosphorus: lithium = more than 0.1 :more than 0.2:1 , and comprises at least one member selected 
from the group Of lithium phosphate, lithium-cobalt phosphate, cobalt oxide, and lithium<obalt oxide so as to fulfill the 
above molar ratio. Insofar as the abovennentioned molar ratio is satisfied, the active material may comprise only one 
member from the aforementioned group. Alternatively, the active material may comprise two, three, or four members 
of the group, which may be exemplified by a combination of two members from cobalt oxide, lithium phosphate, and 

IS lithium-cobalt phosphate, a combination of cobalt oxide and other two members, or a combination of all four members. 
Of these, a combination of three or more members of the group is preferable in that it affords lithium secondary battery 
a high electromotive force, with particular preference given to a combination of at least lithium phosphate, lithium-cobalt 
phosphate, and cobalt oxide. 

In addition, transition metals besides cobalt, such as Ni, Fe, Mn, Cr, and V, their oxides, hydroxides, salts such as 

20 carbonates, nitrates, and organic acid salts, or their organic compounds may be added during the production of a 
positive electrode active material, with the result that a compound with part of the cobalt of the above-mentbned cobalt- 
containing compounds substituted by the aforementioned transition metal is produced. 

Furthermore, It is essential in the invention that a predetermined amount of each component is used such that the 
aforementioned positive electrode active material has a molar ratio of cobalt:phosphorus:Iithium = more than 0.1 :more 

25 than 0.2:1, preferably 0.2-1.75:0.25-1:8:1, by which lithium phosphate, lithium-cobalt phosphate, cobalt oxide and/or 
lithium-cobalt oxide may be produced. 

The molar ratio of phosphorus of not greater than 0.2 results in insufficient production of the phosphate, whereas 
that exceeding 1.8 has the same effect from a relatively decreased amount of lithium, thus undesirably lowering the 
discharge voltage. 

30 The molar ratio of cobalt of not greater than 0.1 results in failure to discharge, whereas that exceeding 0.75 results 
in lower capacity. 

The lithium secondary battery of the invention has a positive electrode composed of a mixture for positive electrode 
comprising at least the positive electrode active material described above, an electrical conducting agent, and a binder. 

The electrical conducting agent is, for example, acetylene black or Ketzen black, and the binder may be any known 
35 material such as polytetrafluoroethylene. poiy(vinylidene fluoride), hexafluoropropylene, polyethylene, or ethylene-pro- 
pylene-diene terpolymer. 

The mixture Includes 5 through 15, preferably 7 through 12 parts by weight of the electrical conducting agent and 
0.5 through 15, preferably 2 through 10 parts by weight of the binder. The amount of the positive electrode active 
material is such that makes the total amount 100 parts by weight The mixture is sufficiently blended in a ball mill or a 

40 mortar. When the content of the electrical conducting agent or binder Is below the range above, the positive electrode 
has insufficient electric conductivity or intensity. On the other hand, when the content of the electrical conducting agent 
or binder is above said range, the positive electrode contains a relatively smaller amount of oxide, which lowers the 
capacity of the positive electrode and undesirably decreases the energy density of the lithium secondary battery. 
The uniformly blended mixture is then formed into a positive electrode having desirable shape and size, for exam- 

45 pie. a sheet, a film, or a disk, by a known method such as compression molding or roll forming. 

The oxide mentioned above is pulverized to particles having an average size of 0.01 through 20 ^im, preferably 
0.1 through 5 [im and a BET specific surface area of 1.000 through 1 m^/g, preferably 500 through 5 m^/g. The oxide 
thus pulverized is sufficiently dispersed and mixed with the electrical conducting agent and the binder, thus favorably 
increasing the capacity of the positive electrode. 

so The particle size of the electrical conducting agent and the binder shows the secondary particle size or an aggregate 

diameter. 

Undesirably large, Irregular pores formed in the positive electrode often cause cracks and defects during manu- 
facture of the positive electrode, as well as decrease the capacity of the positive electrode. 

In the present invention, the electrical conducting agent and the binder respectively have a particle size of 0.02 
55 through 20 times, more preferably 0. 1 through 5 times that of the oxide, which effectively prevents large, irregular pores 
from being formed in the positive electrode and allows pores of appropriate dimensions to be formed in the positive 
electrode. Formation of the appropriate pores Increases the capacity of the positive electrode, prevents cracks and 
defects, and Improves the formability into a positive electrode. 
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The porosity of the positive electrode may be changed as desired by controlling the heating temperature and time 
for manufacture thereof. 

Pores uniformly formed in the positive electrode at the porosity of 25 through 60%, preferably 40 through 65% 
increase the amount of LI ion intercalated in a unit volume of the positive electrode, thus making the lithium secondary 
s battery highly capacitive and compact. 

As described above, the appropriate pores formed in the positive electrode increase the surface area of and thereby 
the capacity of the positive electrode, thus altowing the lithium secondary battery to have high energy density without 
a bulky positive electrode. 

The positive electrode of the Invention may include an amorphous (non-crystalline) oxide as a positive electrode 
10 active material. The amorphous structure allows a larger number of lithium ion to be Intercalated at irregular Intervals. 

When a thermodynamically stable crystal is used as the positive electrode active material, lithium ion is intercalated 
at regular intervals in the crystalline structure. On the other hand, when an amorphous oxide is used as the positive 
electrode active material, a greater amount of lithium ion is intercalated at irregular intervals in the amorphous structure. 
The greater number of sites intercalating lithium ion makes the positive electrode highly capacitive, thus allowing a 
IS lithium secondary battery to have high energy density. 

The oxide may be made amorphous by sputtering, abrupt cooling of a liquefied oxide, or mechanical alloying; 
however, the sputtering method is preferable in the present invention since the oxide has a high melting point. 

The amorphous state of the oxide is confirmed, for example, by X-ray diffraction analysis (no sharp peaks are 
observed in amorphous state). 

20 The lithium secondary battery of the invention further comprises a negative electrode and an electrolyte besides 
the positive electrode. The negative electrode may be composed of a material selectedfrom the group including lithium, 
lithium alloys such as Li-AI, Li-AI-Mg, and Li-C, lithium-containing organic compounds such as polyparaphenylene, 
polyacetylene, polythiophene or polyacene doped with lithium ion, and carbon materials doped with lithium ion. 
With regard to a lithium secondary battery, an active lithium negative electrode often causes occurrence of dendrite 
25 through repetitive charge and discharge, thereby shortening its cycle life. 

in the invention, the lithium negative electrode is thus processed or treated appropriately so as to prevent occur- 
rence of dendrite. 

For example, the lithium negative electrode is processed according to the following steps: sputtering the surface 
of the lithium negative electrode with argon to remove the surface coating and make the surface smooth; and forming 
30 a lithium ion-conductive polymer film by plasma CVD to favorably prevent occurrence of dendrite. 

The polymer film may be composed of any material which has sufficient lithium ion conductivity and is not reactive 
with lithium. The polymer is exemplified by, but not limited to, polysiloxane produced by polymerization of octamethyl- 
cyclotetraslloxane, hexamethyldisiloxane, hexamethylcyclosiloxane, or ethyl silicate. 

In an alternative method, the lithium negative electrode includes an electrodeposltion layer formed on lithium for 
35 preventing dendrite. The electrodeposition layer consists of lithium ion and a metal alloyed with lithium. Such metal 
includes, for example, fine particles of boron, aluminum, silver, zinc, or tin. The size of the metal particles is not greater 
than lOOpm, preferably 0.01 through lO^m. 

The electrodeposition is implemented in the following manner; connecting a lithium negative electrode with an 
appropriate positive electrode in an electrolysis solution containing a predetermined amount of fine particles of the 
40 above metal, and applying a voltage between the negative and positive electrodes. The ratio of the metal fine particles 
to lithium ion is 5 through 500 atoms to 100 atoms, preferably about 50 through 300 atoms to 100 atoms. 

An electrodeposition layer including lithium ion and metal fine particles is thus formed on lithium. The thickness of 
the electrodeposition layer may be varied by changing applied voltage and time period of electrolysis, in the present 
embodiment, the electrodeposition layer normally has the thickness of 0. 1 through 300 \im, preferably about 5 through 
45 50 ^m. 

A specific carbon electrode may be also used as a negative electrode. The carbon negative electrode effectively 
prevents dendrite without lowering energy density of the secondary battery 

The carbon negative electrode may be composed of a hollow carbon molecular structure expressed by the mo- 
lecular formula Cn (n ^ 60), a carbonized organic member having 3.37A or greater doo2 X-ray analysis, graphite, 
50 or composite thereof. 

The hollow carbon molecular structure is generally called fullerene wherein carbon atoms are connected to one 

another to form a closed system as shown In Fig. 2. 

Fig. 2A and Fig. 2B respectively show CgQ fullerene and C7Q fullerene. 

Although any hollow carbon molecular structure represented by the molecular formula Cn (n ^ 60) and consisting 
55 of a closed system of connected carbon atoms may be used as the negative electrode of the invention, C^o or C70 
fullerene shown in Fig. 2A or 2B is especially preferable. 

The hollow carbon molecular structure may include two or more carbon molecules consisting of different numbers 
of carbon atoms. 
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The carbonized organic member is obtained by pyrolysis or firing and carbonization of various organic compounds; 
for example, vapor growth carbon fibers or pitch carbonaceous material. 

The vapor growth carbon fibers are obtained by vapor phase pyrolysis of carbon compounds such as benzene, 
methane, and carbon oxides in the presence of transition metal catalyst. The vapor growth carbon fibers may be used 
s in the original fiber state or pulverized into particles before use. 

The pitch carbonaceous material includes pitches obtained by pyrolysis of oil or carbon such as coal pitch, oil 
pitch, asphalt pitch, coal tar pitch, crude oil decompositive pitch, and oil sludge pitch, those obtained by pyrolysis of 
high molecule polymers, and those obtained by pyrolysis of low molecular organic compounds such as tetrabenzo- 
phenazine. 

10 The graphite may be any known natural or synthetic graphite. 

The above carbon material is pulverized or processed into particles of appropriate size, mixed with a binder, and 
formed into a carbon negative electrode of a desirable shape and size by compression molding, roll forming, or another 
appropriate method. 

The electrolyte is required to show sufficient ionic conductivity when dissolved in an organic nonaqueous solvent. 

IS The electrolyte is composed of an electrolytic salt at least containing Li ion and anion which do not cause electrode 
reaction on charge or discharge. Such anion includes anions of Bronsted acids such as CIO4-, anions of Lewis acids 
such as BF4- and PFg-, and anions of organic acids such as CF33O3-. 

The electrolysis solution is prepared by dissolving one or a plurality of the above electrolytes in an organic solvent 
such as ethylene carbonate, propylene carbonate, dimethylsulfoxide, sulf olane, Y-butyrotactone. 1 ,2-dimethoxy ethane, 

20 N,N-dimethylformamide, tetrahydrofuran, 1 .3-dioxolane, 2-methyltetrahydrof uran, diethyl ether, or mixture thereof. The 
concentration of the electrolysis solution is typically 0.1 through 3 mole/€. 

When lithium or lithium alloy is used as a negative electrode of the secondary lithium battery of the invention, it is 
preferable that the electrolysis solution further include an unsaturated heterocyclic compound, an aromatic hydrocar- 
bon, or a saturated ring hydrocarbon as an additive to prevent occurrence of dendrite on the lithium negative electrode. 

25 The unsaturated heterocyclic compound includes, for example, thiophene, pyrrole and furan. The aromatic hydro- 

carbon may be benzene or naphthalene. The saturated ring hydrocarbon is, for example, cyctohexane or decalin. One 
or a plurality of such materials are added to the electrolysis solution at a concentration of 0. 1 through 1 0 ml/€ according 
to the concentration of the electrolysis solution. 

When the concentration of the additive is less than 0.1 ml/€, occurrence of dendrite is not effectively prevented. 

so When the concentration exceeds 1 0 ml/€, on the other hand, the coulombic efficiency in charge and discharge cycling 
undesirably drop. The lithium secondary battery of the invention has high electromotive force and is thereby charged 
at high voltage. It is thus preferable that the electrolysis solution be not easily decomposed by such high voltage charge. 
A preferable combination of the electrolysis solution is sulfolane and/or ethylene carbonate and a low-viscous organic 
solvent. 

35 Sulfolane has high permittivity (approximately 44), high decomposition voltage (6 V), and viscosity of approximately 

10 cps. Ethylene carbonate is solid at ordinary temperature and has high permittivity (approximately 90) and high 
decomposition voltage (not less than 6 V). Both sulfolane and ethylene carbonate extend the potential in the positive 
direction. The low-viscous organic solvent preferably has a viscosity not greater than 1 cps, and is mixed with sulfolane 
or ethylene carbonate to lower the viscosity of the electrolysis solution and Improve the electric conductivity The low- 

40 viscous organic solvent is, for example, methyl formate, methyl acetate, dimethyl carbonate, diethyl carbonate, 
1,2-dimethoxyethane, N,N-dimethylformamide, tetrahydrofuran. 1, 3-dioxolane, 2-methy!tetrahydrofuran, or diethyl 
ether. Especially, dimethyl carbonate or diethyl carbonate having excellent ionic conductivity is preferable. 

The mixing ratio of sulfolane and/or ethylene carbonate to the low-viscous organic solvent is 20 through 80% by 
volume to 80 through 20% by volume, preferably 40 through 70% by volume to 60 through 30% by volume. 

45 When the fraction of sulfolane and/or ethylene carbonate is less than 20% by volume, neither the decomposition 

voltage of the electrolyte nor the permittivity is sufficiently high. On the other hand, when the fraction of sulfolane and/ 
or ethylene carbonate exceeds 80% by volume, undesirably high viscosity of the electrolyte lowers the ionic conduc- 
tivity. 

Such mixed organic solvent effectively prevents decomposition of the electrolyte at high voltages, thus allowing 
50 the lithium secondary battery to be charged at high voltage and repeatedly charged and discharged in stable conditions. 

The concentration of the lithium salt In the electrolysis solution Is appropriately determined according to the type 
and performance of the battery, which is 0.1 through 3 mole/€ in general. 

The electrolysis solution may be used in any form, that is, the original liquid state, a solid electrolyte prepared by 
impregnating an appropriate polymer or porous member with the electrolysis solution, or a gel electrolyte prepared by 
55 impregnating a gel substance with the electrolysis solution or gelling the electrolysis solution as a reactive solvent. 

When a solid electrolyte is composed of a polymer film containing the electrolyte, the polymer used may be selected 
from the group including poly(ethylene oxide). poly(propylene oxide), polyphosphazene, polyaziridine, poly(ethylene 
sulfide), and derivatives, mixture, and composite thereof. The solid electrolyte is prepared by mixing the polymer with 
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the electrolyte and forming a polymer film by a known method. 

Alternatively, the above-mentioned polymer film is prepared into a porous polymer film, and the porous film is 
impregnated with an electrolysis solution, thereby to give a solid electrolyte. 

The porous member is composed of crosslinked polymer containing polar units and having the average pore di- 

5 ameter of not greater than 50 ^im, preferably 10 through 0.01 jxm. The porous member is prepared by crosslinking a 
composite polymer including polar unit-containing polymer and non-polar polymer in the presence of a crosslinking 
agent and then removing the non-polar polymer. The solid electrolyte is then prepared by impregnating the porous 
member with the electrolysis solution. The polar unit-containing polymer is that containing a polar unit such as ether 
or hydroxy! group, for example. poly{ethylene oxide). poly(propylene oxide), ethylene oxidepropylene oxide copolymer, 

10 polyvinyl alcohol, or vinyl alcoholalkylene oxide copolymer The saponification ratio of polyvinyl alcohol or vinyl alcohol- 
alkylene oxide copolymer is not less than 70%, preferably not less than 85%. 

The molecular weight of the crosslinked, polar unit-containing polymer is not limited, but is generally not greater 
than five million, more preferably between one thousand to one million for improved preparation efficiency. 

The non-polar polymer is insoluble or only slightly soluble in the polar unit-containing polymer, and may be aromatic 

IS or hydrocarbon polymers such as polyisoprene rubber, polybutadiene, and polystyrene having no polar units. The 
molecular weight of the non-polar polymer is not limited, but is generally not greater than five million, preferably between 
about one thousand and one million for improved preparation efficiency and easy removal. 

The composite polymer is prepared by any desirable method which allows formation of a porous member by se- 
lective removal of the non-polar polymer; for example, by kneading the polar unit-containing polymer and the non-polar 

20 polymer via a roll, by stirring the polar unit-containing polymer and the non-polar polymer via a solvent, or by introducing 
a functional group such as carboxyl or amino group on the polymer terminal and using a metal chelating agent such 
as copper chloride to associate the polar unit-containing polymer with the non-polar polymer via the functional group 
on the molecular terminal, A typical process of the last method is block copolymerization by association of macrom- 
onomers, which is especially preferable for formation of a densely packed porous member. 

25 The mixing ratio of the non-polar polymer to the polar unit-containing polymer in the composite polymer is appro- 

priately determined according to the desirable porosity of the resulting porous electrolyte base, but is generally 10 
through 1000 parts by weight, preferably 20 through 500 parts by weight, most preferably 30 through 200 parts by 
weight to 100 parts by weight. 

A porous electrolyte base is then prepared by crosslinking the polar unit-containing polymer in the prepared com- 

30 posite polymer in the presence of a crosslinking agent and removing the non-polar polymer. The composite polymer 
is formed in any desirable shape corresponding to the shape of the resulting porous electrolyte base; for example, film, 
sheet, or fibers for a nonwoven fabric. In the film or sheet form, the thickness of the composite polymer is determined 
appropriately, but not greater than 1 mm in general, preferably 0.1 through 0.01 mm. 

The crosslinking agent to be used for crosslinking the polar unit-containing polymer is added to the composite 

3$ polymer at any desirable time during or after preparation of the composite polymer. It is preferable that the crosslinking 
agent does not affect or crosslink the non-polar polymer which is eventually removed at a later stage. Preferred ex- 
amples of the crosslinking agent include organic peroxides such as dicumyl peroxide. The ratb of the crosslinking 
agent to the polar unit-containing polymer is, but not limited to, generally 0.1 through 20 parts by weight to 100 parts 
by weight. 

40 The non-polar polymer is removed from the composite polymer after crosslinking process by appropriate method, 
for example, solvent extraction, ozone decomposition of double bond, or extraction with solvent which releases the 
association via the functional group on the molecular terminal. 

The solid electrolyte is prepared, for example, by impregnating a porous electrolyte base consisting of the 
crosslinked, polar unit-containing polymer with an electrolytic solution, especially an electrolyte dissolved in an organic 
45 solvent, and then drying the impregnated porous electrolyte base. 

The porous member is. for example, a glass filter used also as a separator In this case, the solid electrolyte is 
prepared by impregnating or filling the pores of the porous member with the electrolysis solution. 

The electrolyte used in the invention may be a gel electrolyte prepared by impregnating a gel substance with the 
electrolysis solution. The gel substance used here may be organogels of polyvinyl alcohol or of composition of polyvinyl 
50 alcohol and poly(ethylene oxide) and/or vinyl alcohol-ethylene oxide copolymer. 

Polyvinyl alcohol used for formation of organogel has the degree of polymerization of 500 through 5000 (weight- 
average molecular weight 22 through 220 thousand), more preferably 1 000 through 3000, and degree of saponification 
of not less than 80%. more preferably 85 through 99%. When the degree of polymerization is too low, the high crystalline 
properties prevent efficient gelation. On the other hand, when the degree of polymerizatton is too high, the high viscosity 
55 of the solution prevents formation of uniform organogel. When the degree of saponification is less than 80%, steric 
hindrance due to the acetic acid residue prevents sufficient coagulation or gelation. The concentration of polyvinyl 
alcohol in the gelling solution is not greater than 30% by weight, more preferably 10 through 20% by weight. 

The weight-average molecular weight of poly(ethylene oxide) is not greater than two million, preferably between 
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ten thousand and one million. The ratio of poly(ethylene oxide) to polyvinyl alcohol is generally 1 through 3000 parts 
by weight, preferably 10 through 1000 parts by weight, most preferably 30 through 300 parts by weight to 100 parts 
by weight. The mixed polymer having the general weight-average molecular weight of approximately 500 thousand 
may be used as a practically sufficient organogel. 

5 The vinyl alcohol-ethylene oxide copolymer preferably has the weight-average molecular weight of 20 through 500 

thousand, the vinyl acetate content of not greater than 20%, more preferably 15% for sufficient gelation. The ratio of 
the vinyl alcohol units (including vinyl acetate units) to ethylene oxide units is 1 through 3000. preferably 10 through 
1000. most preferably 30 through 300 to 100. The copolymer having the weight-average molecular weight of approx- 
imately 500 thousand may be used as a practically sufficient organogel. The vinyl alcohol-ethylene oxide copolymer 

10 may have any desirable form as random copolymer or block copolymer. 

Polyvinyl alcohol, polyethylene oxide and vinyl alcohol-ethylene oxide copolymer are concurrently used at a ratio 
similar to that of the above-mentioned composite polymer, based on the vinyl alcohol units (including vinyl acetate 
units) and ethylene oxide units. A vinyl alcohol-ethylene oxide copolymer is preferably used in that a uniform, tough 
organogel is obtainable, the toughness being attributable to entanglement of long molecular chains of the copolymer 

IS Organogel is prepared by, for example, freezing and thawing, freezing and drying, or rapidly cooling an aqueous 
solution of a polymer [polyvinyl alcohol solely, mixed polymer of polyvinyl alcohol and polyethylene oxide or/and vinyl 
alcohol-ethylene oxide copolymer (hereinafter the term polymer refers to these polymers)] to give waterncontaining 
gel, drying the gel. and immersing the gel in an organic solvent to impregnate the gel with the organic solvent. The 
water-containing gel is converted to an organogel, since water-containing gel having priority for electrolysis of water 

20 does not function as an electrolyte for an electric conductor including metal ion which is less reduced than is hydrogen 
ion. 

An organogel is also prepared by dissolving the polymer in an organic solvent with strong polarity such as dimeth- 
ylsulfoxide. dimethylformamide. dimethylacetamide, or N-methylpyrrolidone, and allowing the solution to stand, in 
which case an organogel can be formed directly. When an improvement in ionic conductivity is desired, other organic 

2S solvents such as propylenecarbonate may be used. The organogel obtained as above containing no unreacted 
crosslinking agent is advantageous in that it is superior in durability or resistance to electrical degradation to that 
obtained with the use of crosslinking agent and by Irradiation of light and/or heating. 

The polymer concentration of the solution as mentioned above Is preferably not more than 30% by weight, more 
preferably 10-20% by weight. Water-containing gel and organogel are efficiently obtained by adding an alkali metal 

30 salt, a transition metal salt or/and a metal hydroxide slightly soluble in the organic solvent, to an aqueous solution of 
polymer or a solution of polymer in organic solvent, for better gelation. The gelation can be also enhanced by adding 
other kinds of metal salt which produces slightly soluble metal hydroxide to said solutions, to immerse the gel in an 
alkaline solution such as sodium hydroxide solution or potassium hydroxide solution. In the latter case, the desired gel 
can be formed by immersing an open container containing gel. in an alkaline solution. 

35 A promoter for the aforementioned gelation includes, for example, halides and hydroxides of alkali metals such as 

sodium, potassium, and lithium; halides and hydroxides of transition metals such as iron, copper, nickel, chromium, 
titanium, molybdenum, and tungsten; metal hydroxides slightly soluble in organic solvent, such as iron hydroxide, 
copper hydroxide, chromium hydroxide, calcium hydroxide, and magnesium hydroxide; and metal halides such as 
chlorides of metals (e.g. iron, copper, chromium, calcium, magnesium) producing slightly-soluble metal hydroxides. 

40 The ratio of the gelation promoter to the polymer is generally not more than 200, preferably 5-1 50. more preferably 
20-1 00 parts by weight to 1 00 parts by weight. Salts of transition metals as a gelation promoter can improve toughness 
of organogel. 

The electrolyte is used in an appropriate amount depending on the use of non-use of other gelation promoters. 
The amount is such as that necessary as a gelation promoter plus that remaining in polymer gel as electrolyte and 
45 contributing to ionic conductivity. The lithium salt used as a gelation promoter and electrolyte functions as an ionic 
conductor with only an amount not more than 1 -twentieth (atomic ratio) based on the hydroxy! group in the polymer 

The ratio of the electrolyte which contributes to the ionic conductivity, to the polymer is appropriately determined 
depending on the desired ionic conductivity, which is generally not more than 100, preferably 5-50 parts by weight to 
100 parts by weight. 

so The gel electrolyte is prepared by, for example, allowing the organic solvent used for producing organogel from 
water-containing gel of polyvinyl alcohol to contain electrolyte, or replacing the organic solvent in organogel with organic 
solvent containing electrolyte, or adding electrolyte to polyvinyl alcohol solution when preparing water-containing gel 
or organogel of polyvinyl alcohol. 

As a result, a gel electrolyte is obtained together with the water-containing gel or organogel of polyvinyl alcohol. 
55 The water-containing gel Is processed into organogel with the use of an organic solvent containing electrolyte. 

When an electrolyte such as a lithium salt which functions as a gelation promoter is used, it does not contribute 
to ionic conductivity. It is preferable to adjust the amount of the electrolyte adequately such that the lithium ions in the 
electrolyte are present in the water-containing gel or organogel of polyvinyl alcohol in an amount sufficient for the 
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desired ionic conductivity. 

In the present invention, the above-mentioned solid electrolyte or gel electrolyte is optionally, but generally formed 
into a film or a sheet with a thickness of not more than 500 [im, preferably 1-100 ^im. 

In practical use. the gel electrolyte is preferably processed appropriately by several hours of drying under reduced 
5 pressure on demand to prevent bleeding by removing organic solvent in excess. 

With the gel electrolyte, an organogel made from polyvinyl alcohol or vinyl alcohol-ethylene oxide copolymer has 
elastic properties with practically sufficient mechanical strength enduring tension, bending, and twisting, and permits 
easy formation into thin film and easy formation into film or sheet superior in flexibility and deformability. The gel elec- 
trolyte shows good adhesion with electrodes, which leads to an improved ionic conductivity, as a result of the crystalline 
10 properties of polyvinyl alcohol which are lower than those when in solid, superior dissolution of lithium ions by the vinyl 
alcohol component, superior conductivity of lithium Ions through the active segment movements by the ethylene oxide 
component, and improved amorphousness caused by the crystalline properties being lowered by the concomitant use 
of both components. 

In the present invention, a lithium secondary battery is fabricated by assembling a positive electrode, a negative 
IS electrode, and an electrolyte in, for example, the structure shown in Fig. 1. In the Figure, D is a lithium secondary 
battery composed of a positive electrode 2, a negative electrode 1 and a separator 3 located in between them, wherein 
a positive electrode can 6 press-abutted against a collecting electrode 4a press-attached on the outer surface of the 
positive electrode 2. and a negative cap 5 press-abutted against a collecting electrode 4b pressnattached on the outer 
surface of the negative electrode 1 are sealed with an insulator 7. 
20 The lithium secondary battery with the structure wherein a positive electrode, a separator (or solid electrolyte), 
and a negative electrode are wound in a roll has favorably high capacity 

In the present invention, a positive electrode active material including a compound containing phosphorous with 
small Ionic radius and smaller formula amount than that of transition metal is used. The positive electrode composed 
of the same has high electromotive force and less weight, and greater Li ion intercalation per unit weight. 
25 The positive electrode active material made amorphous Increases the number of sites to intercalate Li ion. 

The positive electrode with a porosity of 25-60% affords greater intercalation of LI Ion per unit volume. 

A lithium battery composed of a positive electrode with high electromotive force and high capacity has high energy 
density with a greater amount of Li ion intercalated per unit volume and weight of the positive electrode. 

In addition, formation into a positive electrode can be improved by specifically adjusting the particle size and BET 
30 specific surface area of the positive electrode active material as described, and preparing a positive electrode with 
uniform pores using an electrical conducting agent and a binder adjusted to have specific particle size depending on 
that of the aforesaid active material, thus preventing cracks and defects. Also, the uniform pores formed can prevent 
irregular discharge voltage of the lithium battery. 

As the negative electrode, a carbon negative electrode is preferable in that degradation of negative electrode and 
35 internal short-circuit due to dendrite can be prevented. 

The electrolyte prepared by dissolving the lithium salt in a mixed solvent containing at least sulfolane and/or eth- 
ylenecarbonate, and a low-viscosity organic solvent prevents decomposition of the electrolyte by high voltage during 
charging. 

The electrolyte prepared by adding an unsaturated heterocyclic compound, an aromatic hydrocarbon, or a satu- 
40 rated cyclic hydrocarbon to an organic solvent containing a metal salt, prevents occurrence of dendrite in a lithium 
negative electrode, thus prohibiting degradation of negative electrode and internal short-circuit. 

The present invention is further described in detail according to some embodiments, which are only illustrative and 
not restrictive in any sense. 

45 Example 1 

Predetermined amounts of lithium carbonate, basic cobalt carbonate, and 85% phosphoric acid aqueous solution 
were weighed to fulfill an atomic ratio of Li:Co:P = 2:1 :1 , sufficiently mixed in an alumina crucible, and heated at QOCC 
in an electric oven for twenty-four hours. 
so The heated product was identified by X-ray powder diffraction analysis with the use of JCPDS cards. The results 
of the X-ray analysis showed that the product contained lithium phosphate, lithium-cobalt phosphate, and cobalt oxide 
at a molar ratio of Li:Co:P = 1 :0.6:0.5. 

(Manufacture of Positive Electrode) 

55 

The heated product was pulverized into a positive electrode active material having a particle size of not greater 
than 20 jim. The obtained positive electrode active material (8 parts by weight), acetylene black (1 part by weight), 
and Teflon powder (1 part by weight) were sufficiently mixed to give a positive electrode product. 
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The obtained positive electrode product (100 mg) was press-molded on a nickel mesh to give a positive electrode 
disk having a diameter of 20 mm and a thickness of 0.5 mm. 

(Manufacture of Negative Electrode) 

5 

A 20.0 mm-diameter disk was punched out from a 1 .0 mm-thick lithium sheet, and on one side thereof was press- 
adhered a nickel mesh to give a negative electrode disk. 

(Manufacture of Separator) 

10 

A 25.0 mm-diameter disk was punched out from a 0.05 mm-thick porous polypropylene film to give a separator disk. 
(Preparation of Electrolysis Solution) 

IS Lithium perchlorate was dissolved in a proportion of one mole/€ in a mixture of propylene carbonate and 1 ,2-dimeth- 

oxyethane at a volume ratio of 1 :1 which had been adjusted to contain water at 50 ppm or less, thereby to prepare an 
electrolysis solution. 

(Fabrication of Lithium Battery) 

20 

A positive electrode 2, a negative electrode 1 , and a separator 3 manufactured as above were assembled as 
shown in Fig. 1 to give a lithium battery D wherein a stainless can 6 was press-abutted against a collecting electrode 
4a formed on the outer surface of the positive electrode 2, and a stainless cap 5 was press-abutted against a collecting 
electrode 4b formed on the outer surface of the negative electrode 1 , and the aforementioned electrolysis solution was 
25 contained in a room formed by the positive electrode can 6 and the negative electrode cap 5, which was sealed with 
a gasket 7. 

Examples 2, 3 

30 In the same manner as in Example 1 except that the atomic ratio of lithium carbonate, basic cobalt carbonate, and 

85% phosphoric acid aqueous solution was changed as shown in Table 2, a heated product was prepared. The results 
of X-ray powder analysis and following Identification showed that the product contained lithium phosphate, lithium- 
cobalt phosphate, and cobalt oxide at a molar ratio of Co:P:Li = 0.4:1 .6:1 for Example 2, and 1 .6:0.4:1 for Example 3. 
Each product was pulverized into a positive electrode active material having a particle size of not greater than 20 pm, 

35 using which a positive electrode was manufactured in the same manner as in Example 1 . A lithium battery was fabricated 
using the positive electrode, and a negative electrode, a separator, and an electrolysis solution prepared in the same 
manner as in Example 1. 

Comparative Example 1 

40 

Predetermined amounts of lithium carbonate and basic cobalt carbonate were weighed to fulfill an atomic ratio of 
LiiCo = 1:1, sufficiently mixed in an alumina crucible, and heated at 900"C in an electric oven for 24 hours. 

The heated product was identified by X-ray powder diffraction analysis with the JCPDS card No. 1 6-427 indicating 
LIC0O2. The result of the X-ray analysis showed that the product had an LIC0O2 phase. 
45 Using the product as a positive electrode active material, a lithium battery was fabricated in the same manner as 

In Example 1 . 

Comparative Example 2 

so Predetermined amounts of lithium carbonate, basic cobalt carbonate, and basic nickel carbonate were weighed 

to fulfill an atomic ratio of LI:Co:Ni = 1:0.5:0.5, sufficiently mixed in an alumina crucible, and heated at 900^*0 in an 

electric oven for 24 hours as In Example 1 . 

The heated product was kJentified by X-ray powder diffraction analysis with the JCPDS card No. 1 6-427. The result 

of the X-ray analysis showed that the product had the same crystalline structure as that of LiCoO^. 
ss Using the product as a positive electrode active material, a lithium battery was fabricated In the same manner as 

in Example 1. 
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Comparative Example 3 

In the same manner as in Example 1 except that the predetermined amounts of lithium carbonate, basic cobalt 
carbonate, and lithium phosphate were weighed to fulfill a molar ratio of Li:Co:P = 1 . 1 5: 1 :0.05, an oxide was prepared. 
s The product was identified by X-ray powder diffraction analysis with the JCPDS card No. 1 6-427. The result of the X- 
ray analysis showed that the product had an LiCo02 phase. 

Using the product as a positive electrode active material, a lithium battery was fabricated In the same manner as 
in Example 1 . 

10 Comparative Example 4 

In the same manner as in Example 1 except that the predetermined amounts of lithium oxide, basic cobalt car- 
bonate, and phosphorus pentaoxide were weighed to fulfill a molar ratio of Li:Co:P = 1 :0.8:0.2, an oxide was prepared. 
The oxide was identified by X-ray powder diffraction analysis with the JCPDS card No. 1 6-427. The result of the X-ray 
IS analysis showed that the oxide had an LiCo02 phase. 

Using the product as a positive electrode active material, a lithium battery was fabricated in the same manner as 
in Example 1. 



Table 2 



20 





Mixture for positive electrode 


Positive electrode active material 


Electrical conducting agent 
acetylene black (mg) 


Binder PTFE (mg) 




Atomic ratio 


Amount (mg) 








Li 


Co 


Nl 


P 








Ex. 1 




0.5 




0.5 


80 


10 


10 


Ex.2 




0.4 




1.6 


80 


10 


10 


Ex.3 




1.6 




0.4 


80 


10 


10 


Com. Ex. 1 




1 






80 


10 


10 


Com. Ex. 2 




0.5 


0.5 




80 


10 


10 


Com, Ex. 3 


1.15 


1.0 




0.05 


80 


10 


10 


Com. Ex. 4 




0.8 




0.2 


80 


10 


10 


Note: PTFE is polytetrafluoroethylene. 



Each of the lithium batteries fabricated in Examples 1 -3 and Comparative Examples 1 -4 was charged with 0.5 mA 
40 constant current. Discharge and charge were repeated to examine discharge capacity at various cycles, the results of 
which are shown in Table 3. 
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As is evident from Table 3. the lithium batteries of Examples 1-3 showed higher discharge voltage than did those 
of Comparative Examples 1-4, indicating that they have high energy density with high initial discharge capacity, and 
so are superior in cycle property. 

Example 4 



55 



Predetermined amounts of lithium carbonate, basic cobalt carbonate, basic nickel carbonate, and 85% phosphoric 
acid aqueous solution were weighed to fulfill an atomic ratio of Li: Co:Ni:P = 1:0.3:0.3:0,4, sufficiently mixed in an 
alumina crucible, and heated at 900°C in an electric oven for 24 hours. 

The heated product was identified by X-ray powder diffractbn analysis with JCRDS cards. The result of the X-ray 
analysis showed that the prcxJuct contained lithium phosphate, lithium-cobalt-nickel phosphate, and cobalt-nickel oxide 
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at a molar ratio as shown in Table 4. 

The product was pulverized Into a positive electrode active material having a particle size of not greater than 20 
\m\, using which a positive electrode was manufactured as In Example 1. A lithium battery was fabricated using the 
positive electrode, and a negative electrode, a separator, and an electrolysis solution prepared in the same manner 
as in Example 1 . 

Comparative Example 5 

Predetermined amounts of lithium oxide, cobalt oxide, Tin(IV) oxide, and phosphorus pentaoxide were weighed 
to fulfill an atomic ratio of Li:Co:Sn:P = 1.01:0.95:0:04:0.002, and mixed. The mixture was calcined at SSO'^C for 5 
hours, followed by heating in air at 850°C for 12 hours to give an oxide. The oxide was identified by X-ray powder 
diffraction analysis with the JCRDS card No. 16-427. The result of the X-ray analysis showed that the product had an 
LiCo02 phase. 

Using the oxide as a positive electrode active rDaterial, a lithium battery was fabricated in the save manner as in 
Example 1 . 

Examples 5, 6 

In the same manner as in Example 4 except that the atomic ratio of lithium carbonate, basic cobalt carbonate, 
basic nickel carbonate, and 85% phosphoric acid aqueous solution was changed as shown in Table 4, an oxide was 
prepared. The result of X-ray powder analysis and following identification showed that the oxide of Example 5 contained 
lithium phosphate, lithium-cobalt phosphate and cobalt oxide, and the oxide of Example 6 additionally contained lithium- 
cobalt oxide, both at a molar ratio of cobalt, nickel, and phosphorus relative to 1 mole of lithium an shown in lable 4. 



Table 4 





Mixture for positive electrode 


Positive electrode active material 


Electrical conducting agent 
acetylene black (mg) 


Binder PTFE (mg) 




Atomic ratio 


Amount (mg) 








Li 


Co 


Ni 


P 








Ex.4 


1 


0.3 


0.3 


0.4 


80 


10 


10 


Ex.5 


1 


0.2 


0.2 


0.6 


80 


10 


10 


Ex, 6 


1 


0.4 


0.4 


0.25 


80 


10 


10 


Com. Ex. 5 


1.01 


0.95 


0.04 


0.002 


80 


10 


10 


Note : The underlined figure shows the atomic ratio of Sn. 
PTFE is polytetrafluoroethylene. 



Each of the products was pulverized into a positive electrode active material having a particle size of not greater 
than 20 }im, using which a positive electrode was manufactured as In Example 1 . 

A lithium battery was fabricated using the positive electrode, and a negative electrode, a separator, and an elec- 
trolysis solution prepared in the same manner as in Example 1. 

Each of the lithium batteries fabricated in Examples 4-6, and Comparative Example 5 was charged with 0.5 mA 
constant current. Discharge and charge were repeated to examine discharge capacity at various cycles, the results of 
which are shown in Table 5. 
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As is evident from Table 5, the lithium batteries of Examples 4-6 showed higher discharge voltage than did the 
so battery of Comparative Example 5, indicating that they have high energy density with high initial discharge capacity, 
and are superior In cycle property. 



Example 7 

55 Predetermined amounts of lithium oxide, cobalt oxide, and phosphorus pentaoxide powders were weighed to fulfill 
an atomic ratio of Li:Co:P = 2: 1 : 1 , and sufficiently pulverized and kneaded in a mortar. The mixture as a powder target 
was subjected to sputtering using Ar/02=1/1 sputtering gas at rf power 50 W, and sputtering gas pressure 1 .33 Pa (1 
X 1 Torr) into deposition on a stainless substrate. The deposited product was collected, and pulverized In a ball mill 
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to give a positive electrode active material having an average particle size of 5 \m\. 

The positive electrode active material was subjected to X-ray diffraction analysis. As a result, the deposition did 
not show sharp peaks, indicating that the deposition was amorphous. 

A lithium battery was fabricated in the same manner as in Example 1 by using said amorphous positive electrode 
s active material. 

Example 8 

The pulverized mixture of lithium oxide, cobalt oxide, and phosphorus pentaoxide as prepared in Example 7 was 
10 heat-melted in an alumina crucible at 1500*C, and injected on a rotary roll. After rapid cooling, the product was pul- 
verized in a ball mill to give a positive electrode active material having an average particle size of S^irn. 

The positive electrode active material was subjected to X-ray diffraction analysis. As a result, the product did not 
show sharp peaks, indicating that the product was amorphous. 

A lithium battery was fabricated in the same manner as in Example 1 by using said amorphous positive electrode 
IS active material. 

Example 9 

The pulverized mixture of lithium oxide, cobalt oxide, and phosphorus pentaoxide as prepared in Example 7 un- 
20 derwent mechanfcal alloying using a high speed vibrating mill to produce a positive electrode active material having 
an average particle size of 5 ^im. 

The positive electrode active material was subjected to X-ray diffraction analysis. As a result, the product did not 
show sharp peaks, indicating that the product was amorphous. 

A lithium battery was fabricated in the same manner as in Example 1 by using said amorphous positive electrode 
25 active material. 

Each of the lithium batteries fabricated in Examples 7-9 was charged with 0.5 mA constant current. Discharge and 
charge were repeated to examine discharge capacity, the results of which are shown in Table 6. 



Table 6 





Ex.7 


Ex. 8 


Ex.9 


Discharge capacity (mAh) 


20.5 


19.7 


20.1 



Example 10 

35 

The positive electrode active material obtained in Example 1 was further pulverized in a ball mill for 24 hours to 
adjust the average particle size thereof to about 0.5 jim, and the BET specific surface area to 5 m2/g. 

Twenty lithium batteries were fabricated in the same manner as in Example 1 by using this positive electrode. 

40 Examples 11, 12 

In the same manner as in Example 10 except that the average particle size, and the BET specific surface area of 
the positive electrode active material were changed as shown in Table 3 by varying the pulverizing time in a ball mill. 
20 lithium batteries were fabricated in each Example. 
45 The lithium batteries of Examples 10-12 were charged in the same manner as above, and discharge capacity was 

detenmined, the results of which are shown in Table 7 wherein the figures are average values. 



Table 7 





Positive electrode active material 


Discharge capacity (mAh) 




Average particle size (^m) 


BET specific surface area (m^/g) 


Max. 


Min. 


Average 


Ex.10 


0.5 


5 


17.5 


17.0 


17.5 


Ex.11 


5.0 


1 


17.2 


16.1 


16.5 


Ex12 


0.01 


800 


17.7 


17.1 


17.5 
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Example 1 3 

The positive electrode active material (80 parts by weight) obtained In Example 1, which had been adjusted to 
have an average particle size of about 10 ^m, acetylene black (10 parts by weight) processed in a ball mill to make 
the average particle size of the secondary aggregate 1 .0 |im, and Teflon powder (10 parts by weight) having an average 
particle size of the secondary aggregate of 1 .0 fim which was obtained by suspension polymerization and grading, 
were sufficiently mixed to prepare a positive electrode product. In the same manner as in Example 1, 20 positive 
electrodes were produced. Percent formation of the positive electrode was 100 with no cracks or defects visually 
obsen^ed. 

Twenty lithium batteries were fabricated in the same manner as in Example 1 by using said positive electrodes. 
Examples 14, 16 

In the same manner as in Example 1 3 except that the particle size of acetylene black and Teflon powder was varied 
as in Table 8, 20 positive electrodes were formed. The cracks and defects in the positive electrodes were visually 
examined, the results of which are shown in Table 8. 

Twenty lithium batteries were fabrk^ated in the same manner as in Example 1 by using said positive electrode. 



Table 8 





Average particle diameter (^m) 


Positive electrode active material 


Acetylene black 


PTFE 


Percent formation 


Ex.13 


10 


1.0 


1.0 


100 


Ex.14 


10 


50.0 


50.0 


100 


Ex.15 


10 


0.2 


0.2 


90 


Ex.16 


10 


200 


200 


65 



Each of the lithium batteries fabricated in Examples 13-16 was charged with 0.5 mA constant current. Discharge 
and charge were repeated, and the discharge capacity was determined and plotted on a graph (Fig. 3), and also, the 
cycle property was determined and plotted on a graph (Fig. 4), 

As is evident from Figs. 3 and 4. the lithium batteries of Examples 1 3-1 6 showed higher discharge voltage, indicating 
that they have high energy density with high initial discharge capacity, and are superior in cycle property 

Example 17 

The positive electrodes obtained by press-forming as in Example 1 were further heated under varied conditions 
to produce positive electrodes having a porosity of not less than 20% and not greater than 80% with 10% variance. 
The porosity was calculated on the basis of density measured by a pychometer and bulk density Twenty lithium batteries 
were fabricated, charged, repeatedly discharged and charged as described, and thereafter, discharge capacity was 
determined, the results of which are shown in Fig. 5. 

Example 18 

A lithium battery was fabricated in the same manner as in Example 1 except that a negative electrode disc having 
a diameter of 20 mm, and thickness of 1.0 mm was prepared by press-forming a mixture (200 mg) of pitch coke (80 
parts by weight) having a true density of 2.05 g/cm^. and dQQg = 3.48 A and pulverized in a orartar into particles having 
a particle size of not greater than 20 |im, and Teflon (20 parts by weight) on a nickel mesh. 

The above lithium secondary battery was charged with 0.5 mA constant current, and repeatedly discharged and 
charged with upper voltage limit of 4.7 V and lower voltage limit of 2.8 V. The discharge voltage was as shown in Fig. 
6. Upon 300 cycles of charge and discharge, the lithium secondary battery was disassembled to observe the negative 
electrode surface. As a result, no growth of dendrite or formation of a protecting film was obsen/ed. Then, the lithium 
secondary battery was assembled again, and 500 cycles of charge and discharge were applied, after which no abnor- 
mality was found on the negative electrode surface. 
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Example 19 

In the same manner as in Example 18 except that a negative electrode manufactured from fullerene (Cgo) having 
the same structure as shown In Fig. 2 was used in place of the negative electrode of heated pitch coke, a lithium 
s secondary battery was fabricated. 

The lithium secondary battery was charged, and repeatedly discharged and charged as described. The discharge 
voltage was as shown in Fig. 6. Upon 300 cycles of charge and discharge, the lithium secondary battery was disas- 
sembled to observe the negative electrode surface. As a result, no growth of dendrite or formation of a protecting film 
was obsen/ed. Then, the lithium secondary battery was assembled again, and 500 cycles of charge and discharge 
10 were applied, after which no abnormality was found on the negative electrode surface. 

Examples 20. 21 

In the same manner as in Example IB except that the positive electrode active materials prepared in Examples 2 
IS and 3 were used, lithium secondary batteries were fabricated. 

The lithium secondary batteries were charged, and repeatedly discharged and charged as in Example 1. The 
discharge voltage was airriost the same as in Example 18. 

Upon 300 cycles of charge and discharge, the lithium secondary batteries were disassembled to observe the 
negative electrode surface. As a result, no abnormality was found. 

20 

Example 22 

In the same manner as in Example 1 except that the following electrolysis solution was used, a lithium secondary 
battery was fabricated, in which case Example 1 is to be weighed as a comparative example for Example 22. 
2S Lithium perchlorate dried in vacuum at 200'*C for 24 hours was dissolved, at a molar ratio of 1 mol/€, in a mixed 

organic solvent of sulfolane having a permittivity of 44 and decomposition voltage of 6 V, and which had been purified 
and dehydrated to a water content of not greater than 50 ppm, and 1 ,2-dimethoxyethane at a volume ratio of 1 :1 to 
give an electrolysis solution. 

30 Examples 23, 24 

In the same manner as in Example 22 except that the sulfolane was used in an amount as shown in Table 9, an 
electrolysis solution was prepared, with which a lithium secondary battery was fabricated. 

35 Examples 25, 26 

In the same manner as in Example 22 except that the composition of the electrolysis solution was varied as shown 
in Table 9, lithium secondary batteries were fabricated. 

The lithium secondary batteries obtained in Examples 22-26 were charged, and repeatedly discharged and charged 
40 with voltage limit of 5 V at charge, and 3 V at discharge. The pressure in the battery at the inltiatbn of charge and 
discharge, upon 50 cycles thereof, and upon 100 cycles thereof was measured, the results of which are tabulated in 
Table 9. 



Table 9 





Mixed organic solvent 


Sulfolane in mixed organic solvent 
(% by volume) 


Pressure in battery (kgf/cm^) 


Charge-discharge cycles 








0 


50 


100 


Ex. 22 


sulfolane 


1 ,2-dlmethoxyethane 


50 


1.2 


2.0 


2.5 


Ex. 25 


sulfolane 


diethyl carbonate 


50 


1.2 


2.3 


2.9 


Ex. 26 


sulfolane 


diethyl ether 


50 


1.2 


2.4 


2.7 


Ex. 23 


sulfolane 


1 ,2-dimethoxyethane 


20 


1.2 


3.1 


3.5 


Ex. 24 


sulfolane 


1 ,2-dimethoxyethane 


80 


1.2 


2.0 


2.2 
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As is evident from Table 9, repeated cycles of charge<fischarge of the lithium batteries did not cause increase of 
internal pressure. 

Example 27 

5 

In the same manner as in Example 22 except that a mixed organic solvent contained sulfolane, 1,2-dimethox- 
yethane. and ethylene carbonate at a volume ratio of 50:40:10, a lithium secondary was fabricated. 

Examples 28-30 

10 

In the same manner as in Example 27 except that the ratio of each organic solvent was varied as shown in Table 
10, lithium secondary batteries were fabricated. 

The lithium secondary batteries obtained in Examples 27-30 were charged, and repeatedly discharged and charged 
as mentioned above. The pressure variance inside the battery upon charge and discharge, and efficiency of charge- 
IS discharge upon 50 cycles and 100 cycles based on the initial charge-discharge is as shown in Table 10. 



Table 1 0 



20 



25 





Internal pressure (kgf/cm^) 


Coulombic efficiency (%) 


Charge-discharge cycles 


0 


50 


100 


50 


100 


Ex. 27 


1.2 


2.0 


2.5 


91 


90 


Ex. 28 


1.2 


2.5 


2.9 


97 


95 


Ex. 29 


1.2 


2.2 


2.6 


95 


92 


Ex.30 


1.2 


1.8 


2.2 


89 


87 



As is evident from Table 10, repeated cycles of charge-discharge of the lithium batteries did not cause increase 
of internal pressure. 

30 

Example 31 

In the same manner as in Example 1 except that thiophene was added to the electrolysis solution at a ratio of 1 
ml/€, a lithium battery was fabricated. 

35 

Examples 32-36 

in the same manner as in Example 31 except that the kind and the ratio of the compound added to the electrolysis 
solution were varied as shown in Table 1 1 , lithium batteries were fabricated. 

The lithium batteries obtained in Examples 31 -36 were charged, and repeatedly discharged and charged as men- 
tioned above. The cycle property was as shown in Table 11. 



Table 11 



45 





Coulombic efficiency (%) 


Discharge capacity (%) 


Repetition cycles 


1 


50 


100 


200 


300 


1 


50 


100 


200 


300 


Ex. 31 


98 


95 


93 


92 


90 


100 


92 


68 


81 


72 


Ex.32 


100 


98 


97 


95 


92 


100 


97 


94 


86 


76 


Ex. 33 


99 


99 


96 


93 


91 


100 


97 


93 


84 


74 


Ex. 34 


99 


96 


96 


94 


90 


100 


94 


92 


86 


73 


Ex. 35 


100 


99 


99 


96 


95 


100 


98 


95 


90 


83 


Ex. 36 


100 


97 


96 


94 


93 


100 


96 


93 


87 


79 



55 

As is evident from Table 1 1 , the growth of dendrites on the lithium negative electrode was successfully suppressed 
even after the repeated cycles of the charge-discharge, and the batteries showed superior cycle life. 
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Example 37 

In the same manner as in Example 1 except that the following gel electrolyte was used in place of the electrolysis 
solution, a lithium battery was fabricated. 

s Polyvinyl alcohol (20 parts by weight) having a degree of polymerization of 1 400 and a saponification ratio of 95% 

was dissolved in dimethyl sulfoxide (80 parts by weight). LiCI04 (30 parts by weight) was added to the solution, and 
the mixture was stirred while heating. After an abrupt increase of viscosity due to the dissolution of the LiCI04, the 
solution was spread in a Petri dish and left standing for about 20 hours to give a 100 ^m-thick electrolyte sheet of 
organogel having silicone rubber behavior. A 25.0 mm-diameter disk was punched out from the solid electrolyte sheet. 

10 The impedance of the sheet was measured to examine bnic conductivity of the sheet, which was 4.5 X ^0'^ S/cm. 
This solid electrolyte also acts as a separator. 

Example 36 

IS Polyvinyl alcohol (1 0 parts by weight) having a degree of polymerization of 1 400 and a saponification ratio of 95%, 

and polyethylene oxide (1 part by weight) having a weight average molecular weight of 60,000 were dissolved in 
dimethyl sulfoxide (50 parts by weight). LiCI04 (12 parts by weight) was added to the solution, and the mixture was 
stirred while heating. After an abrupt increase of viscosity due to the dissolution of the LiCI04, the solution was spread 
in a Petri dish and left standing for about 10 hours to give an electrolyte sheet of organogel having silicone rubber 

20 behavior. The sheet was dried under reduced pressure using a vacuum pump at 60"C for 2 hours so as to prevent 
exudation, and to give a 100 pm-thick sheet. A 25.0 mm-diameter solid electrolyte was punched out from the solid 
electrolyte sheet. The impedance of the sheet was measured to examine ionic conductivity, which was 4.0 x 10-^ S/ 
cm. This solid electrolyte also acts as a separator 

The lithium secondary batteries obtained In Examples 37 and 38 were charged, and repeatedly discharged and 

2S charged as mentioned above. The cycle property was as shown in Table 12. 



Table 12 



30 





Coulombic efficiency (%) 


Discharge capacity (%) 


Repetition cycles 


1 


50 


100 


200 


300 


1 


50 


100 


200 


300 


Ex. 37 


95 


94 


94 


92 


90 


100 


93 


88 


83 


75 


Ex. 38 


95 


94 


93 


91 


90 


100 


90 


85 


80 


76 



55 As is evident from Table 1 2. repeated cycles of charge-discharge of the lithium batteries were not detrimental to 

the superior cycle life of the batteries. 

The present invention has been detailedly described in the foregoing in which it was made clear that a positive 
electrode with high electromotive force and high capacity obtainable by the present invention is conducive to a lithium 
secondary battery with a high energy density as a result of the increased intercalation of LI ion per unit volume and 
40 weight of the positive electrode. 

The uniform pores formed In the positive electrode can prevent irregular discharge voltage, as well as cracks and 
defects, by the improved forming property into the positive electrode. 

In addition, the use of a specific carbon negative electrode corresponding to the positive electrode leads to no 
occurrence of dendrite, which permits provision of a lithium secondary battery superior in cycle life with little decrease 
4S in discharge capacity upon repeated cycles of charge and discharge. 

Also, the use of a mixed solvent of at least sulfolane and/or ethylene carbonate, and a low-viscosity organic solvent 
as an electrolysis solution in the present invention permits provision of a lithium secondary battery superior in cycle 
life In that the electrolyte is not decomposed by the high voltage during charging of the battery. 

In the present invention, an electrolysis solution comprising an unsaturated heterocyclic compound, an aromatic 
so hydrocarbon, or a saturated cyclic hydrocarbon is used so that occurrence of dendrite is drastically suppressed even 
when negative electrode is a lithium electrode, thus preventing degradation of the negative electrode and internal short- 
circuit, whereby to afford a lithium secondary battery having a superior cycle life. 

To conclude, a lithium secondary battery having high energy density affording high electromotive force and high 
discharge voltage, and superior cycle life can be provided by the present invention. 

ss 
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Claims 

1. A lithium secondary battery comprising a positive electrode composed of a positive electrode active material, 
containing cobalt, phosphorus and lithium, comprising at least one member selected from the group consisting of 

5 lithium phosphate, lithium-cobalt phosphate, cobalt oxide, and lithium-cobalt oxide, such that the molar ratio of 

cobalt: phosphorus: lithium is more than 0.1:more than 0.2:1, a negative electrode, and an electrolyte. 

2. A lithium secondary battery of claim 1 comprising a positive electrode composed of a positive electrode active 
material comprising lithium phosphate, lithium-cobalt phosphate, cobalt oxide, and lithium-cobalt oxide, wherein 

10 the molar ratio of cobalt: phosphorus: lithium is 0.2-1 75:0.25-1 .8: 1 , a negative electrode, and an electrolyte. 

3. The lithium secondary battery of Claim 1 or 2 comprising an amorphous positive electrode active material. 

4. The lithium secondary battery of Claim 1 or 2 comprising a positive electrode active material having an average 
IS particle size of 0.01-20 jim. 

5. The lithium secondary battery of Claim 1 or 2 comprising a positive electrode active material having a BET specific 
surface area of 1-1000 rcfi/g. 

20 6. The lithium secondary battery of Claim 1 or 2 comprising a positive electrode composed of the positive electrode 
active material of Claim 1 , a binder and an electrical conducting agent respectively having a particle size of 0.02-20 
times that of the positive electrode active material. 

7. The lithium secondary battery of Claim 1 or 2 comprising a positive electrode having a porosity of 25-60%. 

25 

8. The lithium secondary battery of Claim 1 or 2 comprising a negative electrode prepared by forming a lithium ion- 
conductive polymer film on the surface of a lithium or lithium alloy electrode by the plasma CVD method. 

9. The lithium secondary battery of Claim 1 or 2 comprising a lithium negative electrode having an electrodepositlon 
^0 layer of lithium ion and a metal alloyed with lithium on the surface of the electrode. 

10. The lithium secondary battery of Claim 1 or 2 comprising a carbon negative electrode composed of at least one 
member selected from the group consisting of a hollow carbon molecular structure of the molecular formula : Cn 
(n^60), a carbonized organic member having a doo2 of not less than 3.37A by X-ray analysis, and graphite. 

35 

11. The lithium secondary battery of Claim 1 or 2 comprising a lithium or lithium alloy negative electrode, and an 
electrolysis solution comprising at least one member selected from the group consisting of an unsaturated hete- 
rocyclic compound, an aromatic hydrocarbon, and a saturated cyclic hydrocarbon at a ratio of 0.1-10 ml/€. 

40 12. The lithium secondary battery of Claim 1 or 2 comprising an electrolysis solution comprising sulfolane and/or 
ethylene carbonate, and a low-viscosity organic solvent. 

13. The lithium secondary battery of Claim 1 or 2 comprising a solid electrolyte composed or an electrolyte-containing 
polymer. 

45 

14. The lithium secondary battery of Claim 1 or 2 comprising a solid electrolyte composed of an electrolyte-containing 
porous body having an average pore diameter of not greater than 50 fim which is composed of a crosslinked 
polymer containing polar units. 

so 15. The lithium secondary battery of Claim 1 or 2 comprising a gel electrolyte composed of an organogel containing 
an electrolyte. 



Patentanspruche 

55 

1. Lithlumsekundarbatterie, umfassend eine positive Elektrode, die aus einem aktlven Material fur positive Elektroden 
besteht, das Cobalt, Phosphor und Lithium enthalt und wenigstens eine Verbindung umfa8t, die aus der Gruppe 
ausgewahit 1st, die aus Lithiumphosphat, Lithiumcobaltphosphat, CobaltoxkJ und Lithiumcobaltoxid besteht, so 
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daB das Stoffmengenverhaltnis von Cobalt: Phosphor: Lithium mehr als O.limehr als 0.2:1 betragt, eine negative 
Elektrode und einen Elektrolyten. 

2. Lithiumsekundarbatterie gema3 Anspruch 1, umfassend eine positive Elektrode, die aus einem aktiven Material 
5 fur positive Elektroden besteht, das LIthiumphosphat, Lithiumcobaltphosphat, Cobaltoxid und Lithiumcobaltoxid 

umfaSt, wobel das Stoffmengenverhaltnis von Cobalt: Phosphor: Lithium 0.2-1 , 75:0,25-1 ,8: 1 betragt, eine negative 
Elektrode und einen Elektrolyten. 

3. Lithiumsekundarbatterie gemaS Anspmch 1 oder 2, die ein amorphes aktives Material fur positive Elektroden 
10 umfaBt. 

4. Lithiumsekundarbatterie gema3 Anspruch 1 oder 2, die ein aktives Material fur positive Elektroden mit einer mitt- 
ieren TeilchengroBe von 0.01-20 ^im umfaBt. 

15 5. Lithiumsekundarbatterie gemaB Anspruch 1 oder 2, die ein aktives Material fur positive Elektroden mit einer spe- 
ziflschen BET-Oberflache von 1-1000 m^/g umfaSt. 

6. Lithiumsekundarbatterie gemaB Anspruch 1 oder 2, die eine positive Elektrode umfaBt. die aus dem aktiven Ma- 
terial fur positive Elektroden gemaB Anspruch 1 , einem Bindemittel und einem elektrisch leitenden Mittel. die jeweils 

20 eine TeilchengroBe vom 0,02- bis 20fachen der TeilchengroBe des aktiven Materials fur positive Elektroden haben, 

besteht. 

7. Lithiumsekundarbatterie gemaB Anspruch 1 oder 2, die eine positive Elektrode mit einer Porositat von 25-60% 
umfaBt. 

25 

8. Lithiumsekundarbatterie gemaB Anspruch 1 oder 2, die eine negative Elektrode umfaBt, die durch Bilden eines 
lithiumionenleitenden Polymerfilms auf der Oberflache einer Elektrode aus Lithium oder einer Lrthiumlegierung 
nach dem Piasma-CVD-Verfahren hergestellt ist. 

30 9. Lithiumsekundarbatterie gemaB Anspruch 1 oder 2, die eine negative Elektrode aus Lithium umfaBt, die auf ihrer 
Oberflache eine elektrolytisch abgeschiedene Schicht von Lithiumionen und einem mit Lithium legierten Metall 
aufweist. 

10. Lithiumsekundarbatterie gemaB Anspruch 1 oder 2, die eine negative Elektrode aus Kohlenstoff umfaBt, die aus 
35 wenigstens einer Substanz besteht, die aus der Gruppe ausgewahit ist, die aus einer hohlen KohlenstoffmoIekOI- 

struktur der Molekul formel C^ (n > 60), einer carbonisierten organischen Substanz mit einem rontgenanalytisch 
bestimmten doo2 von nicht weniger als 3,37 A und Graphit besteht. 

11. Lithiumsekundarbatterie gemaB Anspruch 1 oder 2, umfassend eine negative Elektrode aus Lithium oder einer 
40 Lithiumlegierung und eine Elektrolyselosung, die wenigstens eine Verbindung, die aus der Gruppe ausgewahit ist, 

die aus einer ungesattigten heterocyclischen Verbindung, einem aromatischen Kohlenwasserstoff und einem ge- 
sattigten cyclischen Kohlenwasserstoff besteht, in einem Verhaltnis von 0,1-10 ml/I umfaBt. 

12. Lithiumsekundarbatterie gemaB Anspruch 1 oder 2, die eine Elektrolyselosung umfaBt, die Sulfolan und/oder Ethy- 
ls lencarbonat sowie ein niedrigviskoses organisches Losungsmittel umfaBt. 

13. Lithiumsekundarbatterie gemaB Anspruch 1 oder 2, die einen festen Elektrolyten umfaBt, der aus einem elektro- 
lythaltigen Polymer besteht. 

50 14. Lithiumsekundarbatterie gemaB Anspruch 1 oder 2, die einen festen Elektrolyten umfaBt, der aus einem elektro- 
lythaltigen porosen Korper mit einem mittleren Porendurchmesser von nicht mehr als 50 ^im besteht, der aus einem 
vernetzten Polymer besteht, das polare Einhelten enthalt. 

15. Lithiumsekundarbatterie gemaB Anspruch 1 oder 2, die einen Gelelektrolyten umfaBt. der aus einem Organogel 
55 besteht, das einen Elektrolyten enthalt. 
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Revendieations 

1. Batterie secondaire au lithium comprenant une Electrode positive composes d'un matdriau actif formant Electrode 
positive, contenant du cobalt, du phosphore et du lithium, comprenant au moins un element choisi dans le groupe 

5 se composant du phosphate de lithium, du phosphate de lithium-cobalt, de I'oxyde de cobalt, et de I'oxyde de 

lithium-cobalt, de sorte que le rapport molaire du cobaltphosphore: lithium est sup6rieur k 0,1 :sup6rieur k 0,2:1 , 
d*une Electrode negative et d'un electrolyte. 

2. Batterie secondaire au lithium selon la revendicatlon 1 . comprenant une Electrode positive compos6e d'un mat6riau 
10 actif formant Electrode positive comprenant du phosphate de lithium, du phosphate de lithium-cobalt, de I'oxyde 

de cobalt, et de I'oxyde de lithium-cobalt, dans laquelle le rapport molaire du cobalt:phosphore:lithium est de 
0,2-1.75:0,25-1,8:1, une Electrode negative, et un Electrolyte. 

3. Batterie secondaire au lithium sefon la revendicatlon 1 ou 2, comprenant un mat6riau actif fomnant Electrode po- 
15 sitive amorphe. 

4. Batterie secondaire au lithium selon ia revendicatlon 1 ou 2, comprenant un matEriau actif formant Electrode po- 
sitive ayant une granuiomEtrie moyenne allant de 0,01 k 20 ^m. 

20 5. Batterie secondaire au lithium sefon la revendicatlon 1 ou 2, comprenant un matEriau actif formant Electrode po- 
sitive ayant une surface BET spEcifique allant de 1 & 1000 m^/g. 

6. Batterie secondaire au lithium selon la revendicatlon 1 ou 2, comprenant une Electrode positive composes du 
materiau actif formant Electrode positive selon la revendicatlon 1 , un liant et un agent conducteur Electrique ayant 

25 respectivement une granulomEtrie de 0,02 k 20 fois cells du materiau actif formant Electrode positive. 

7. Batterie secondaire au lithium selon la revendicatlon 1 ou 2, comprenant une Electrode positive ayant une porositE 
comprise entre 25 et 60 %. 

30 a Batterie secondaire au lithium selon la revendicatlon 1 ou 2, comprenant une Electrode nEgatlve preparEe en 
formant une pellicule polymEre conductrice d'ions au lithium sur la surface d'une Electrode au lithium ou k un 
alliage au lithium par le procEdE de DCV au plasma. 

9. Batterie secondaire au lithium selon la revendication 1 ou 2. comprenant une Electrode nEgatlve au lithium ayant 
55 une couche d'ElectrodEposition d'ion lithium et un mEtal alliE avec du lithium sur la surface de {'Electrode. 

10. Batterie secondaire au lithium selon la revendication 1 ou 2, comprenant une Electrode nEgatlve au carbone com- 
posee d*au moins un Element choisi dans le groupe se composant d'une structure molEculaire carbonEe creuse 
de la formule molEculaire : Cn (n > 60), un Element organique carbonisE ayant un dooa d'au moins 3,37 A par 

40 analyse a rayons X, et du graphite. 

11. Batterie secondaire au lithium selon la revendication 1 ou 2. comprenant une Electrode negative au lithium ou k 
I'alliage de lithium, et une solution d'Electrolyse comprenant au moins un ElEment choisi dans le groupe se com- 
posant d'un composE hetErocycIique insaturE, d'un hydrocarbure aromatique, et d'un hydrocarbure cyclique saturE 

45 ^untauxdeO.l &10ml/€. 

12. Batterie secondaire au lithium selon la revendication 1 ou 2, comprenant une solution d'Electrolyse comprenant 
du sulfolane et/ou du carbonate d'Ethylene, et un solvant organique k faible viscositE. 

50 13. Batterie secondaire au lithium selon la revendication 1 ou 2, cornprenant un Electrolyte solide composE d'un po- 
lymEre contenant un Electrolyte. 

14. Batterie secondaire au lithium selon la revendication 1 ou 2, comprenant un Electrolyte solide composE d'un corps 
poreux contenant un Electrolyte ayant un dlamEtre de pore moyen n'excEdant pas 50 ^im qui est composE d'un 

55 polymEre rEticulE contenant des motifs polaires. 

15. Batterie secondaire au lithium selon ia revendication 1 ou 2, comprenant un Electrolyte sous forme de gel composE 
d'un organogel contenant un Electrolyte. 
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